This research examines the life cycle of the parasitic cymothoid isopod Glossobius hemiramphi and its role as a symbiont with its fish host, ballyhoo (Hemiramphus brasiliensis). Samples of H. brasiliensis were collected from July 1997 to October 1998 in nearshore waters of south Florida. Fish were randomly culled from a commercial lampara net fishery, and independent of the fishery, fish were collected with cast nets or hook and line. The average parasite prevalence was 10.1%, observed in 2,928 fish collected year round. Monthly prevalence ranged from 4.6 to 18.2% and was highest in the summer on small young-of-the-year fish. Prevalence declined with fish size from a high of 38.0% for fish 11-16 cm to a low of 3.3% for fish 28-29 cm. Ovigerous females were observed throughout the year and no within-brood mortality was evident. Marsupiumites developed through five distinct ontogenetic stages, and the final marsupial stage (manca) was likely immediately infestive upon release. Diminutive males (2.8-12.4 mm) were attached to the host's gill arches, and larger females (16.9-35.6 mm) occupied the buccal cavity. Only a single fish older than age-1 was infested. These results indicate that Glossobius hemiramphi is a protandric hermaphrodite with an annual life cycle. There was no evidence of a parasitic effect on the host fish condition (weight-length), but we cannot exclude the possibility that infested fish have a higher mortality rate than uninfested fish, at least temporarily (;1 year).
INTRODUCTION
The complete life cycle of the cymothoid isopod Glossobius hemiramphi Williams and Williams, 1985 , is unknown. There is also little information about the interaction between this parasitic isopod and its host fish, ballyhoo, Hemiramphus brasiliensis (Linnaeus, 1758) . While parasites may have pronounced, deleterious effects on their hosts, in many cases even intense infestations may not stress fish hosts in their natural environment (Rohde, 2002) . H. brasiliensis is a commercially important bait species in south Florida (McBride et al., 1996; McBride and Styer, 2002) , and a better understanding of the effects of isopod parasitism is needed to gauge this parasite's potential economic impact on the fishery.
Much can be inferred about Glossobius hemiramphi from co-familial species. Isopod crustaceans in the family Cymothoidae are ectoparasitic, typically on marine and freshwater fishes found worldwide in tropical and temperate regions (Brusca, 1981) . They attach to skin, fins, branchial or buccal cavities, or burrow into the musculature of fishes, and they frequently have high host and site specificity (Brusca, 1981; Bunkley-Williams and Williams, 1998) . In general, cymothoids are protandrous hermaphrodites (see Brusca, 1981) , but epigenetic factors may exert strong influence on sexual determination; specifically, pheromones released by females of some species apparently stimulate the neurosecretory system of conspecific males resulting in extended production of androgen in affected males and thus their prolonged masculinity (Legrand and Juchault, 1970; Raibaut and Trilles 1993) . This ability of a female to arrest the development of later arriving conspecifics often results in cymothoids occurring in male-female pairs on their hosts (Bunkley- Williams and Williams, 1998) . With one exception, cymothoid life cycles have been inferred from field collection data (Brusca, 1981; Weinstein and Heck, 1977; Sartor, 1987; Ruiz and Madrid, 1992; Bello et al., 1997) . Adlard and Lester (1994, 1995) described the biology and life cycle of Anilocra pomacentri Bruce, 1987 using experimentally infested damselfish, Chromis nitida (Whitley, 1928) , from the Great Barrier Reef of Australia. Pathogenic effects of cymothoids on their finfish hosts include mortality, tissue damage, anemia, and decreases in mean weight, size, and growth (see Horton and Okamura, 2003; Huizinga, 1972; Romestand, 1979; Overstreet, 1983a, b; Rand, 1986; Marks et al., 1996; Sievers et al., 1996; Wright et al., 2001; Leonardos and Trilles, 2003) . Williams and Williams (1985) described Glossobius hemiramphi, a branchial and buccal parasite of Hemiramphus brasiliensis, from collections made in Puerto Rico, and Bruce and Bowman (1989) reviewed material collected from the eastern and western Atlantic Ocean. Berkeley and Houde (1978) reported that isopods were frequently attached to the tongues of H. brasiliensis in south Florida, but not found within the buccal cavity of the sympatric congener, balao, H. balao (Lesueur, 1821) . The isopod species in the buccal cavity of H. brasiliensis was reported by Berkeley and Houde (1978) as Ceratothoa impressa (Say, 1818), but Bruce and Bowman (1989) revised this identification to G. hemiramphi. Earlier still, Jordan and Thompson (1905) reported ''a parasitic crustacean attached to the tongue'' of H. brasiliensis from Bird Key, Florida; this was in all likelihood G. hemiramphi.
The purpose of this study is to elucidate aspects of the life history of Glossobius hemiramphi and describe the synchrony and dynamics of the host-parasite relationship. We describe for the first time the marsupial development and reproductive biology of G. hemiramphi. We also report on sources of variation in prevalence and test if infestation significantly affects the condition of the fish host.
MATERIALS AND METHODS
Hemiramphus brasiliensis and H. balao were collected from July 1997 through October 1998 offshore of Florida's southeastern counties, where a commercial bait fishery using modified lampara nets targets these fishes. A biologist accompanied volunteer commercial fishers on routine fishing trips; four trips were attempted each month. Fishery-independent collections were also attempted four times each month to increase sample size and allow sampling from inshore areas where commercial fishing was prohibited. These fishery-independent samples were taken with cast nets or small hooks (sabiki rigs) in the vicinity of Marathon (¼ Vaca) Key. Sampling covered a broad area from Palm Beach to the Marquesas Keys including Florida Bay and the area just seaward of Florida's Atlantic coral reef tract (Fig. 1) . During the sampling period, surface temperatures ranged from 20.0 to 32.88C and salinities ranged from 32 to 40 PSU (McBride and Thurman, 2003) .
A random sample of 100-200 individual fish was collected for each successful fishery-dependent collecting trip, and 12 fish per sample were targeted for fishery-independent trips. Hemiramphus brasiliensis and H. balao occurred together in these samples (McBride and Styer, 2002; McBride et al., 2003) and both species were examined for parasites. Fish were placed immediately on ice in the field. Fork lengths (FL) and weights were measured in the lab for up to 30 fish per sex for each species. Measurements of FL were made to the nearest mm from the tip of the upper jaw to the fork of the tail. Whole body weight of fish was recorded to the nearest 0.1 g. Sex was recorded by examining fish gonads with the aid of a dissecting microscope at 25-503 magnification. Fish age was determined for 12 fish per trip using validated annual growth increments (annuli) as read from otoliths sectioned along the transverse plane (McBride and Thurman, 2003) .
The presence of Glossobius hemiramphi in the buccal or branchial cavity was noted for all fish examined. If found, isopods were removed from a subsample of 12 fish for each trip, fixed in a 4% formaldehyde solution, and transferred later to 70% ethyl alcohol. Isopod lengths (anterior end of head to posterior end of pleotelson) were measured to the nearest 0.01 mm with digital calipers. Male and female isopod specimens were weighed (wet weight after blotting) to the nearest 0.001 g; ovigerous females were reweighed after removal of marsupiumites. Brood size was determined by counting marsupiumites extracted from undisturbed marsupia of females. Marsupiumites were examined under a dissecting microscope to characterize their ontogenetic stages. Mancas were removed from the marsupia of eight randomly selected females and measured with an ocular micrometer to the nearest 0.01 mm. Fig. 1 . Sampling area covered during 1997-1998 in the Atlantic Ocean and in Florida Bay. Each point represents an individual sample location where ballyhoo and balao, Hemiramphus spp., were caught. Fishery-dependent samples (triangles) were taken from commercial lampara net vessels. Fisheryindependent samples (squares) were collected in the middle Florida Keys, near Vaca Key (not labeled because of the density of square symbols).
Analysis of covariance (ANCOVA) was used to: 1) examine for evidence of brood mortality, and 2) test for the effect of isopods on fish condition. In the first test, isopod fecundity calculated for different larval stages (covariate) was regressed against female body weight. In the second test, the effect of isopod presence or absence (covariate) was examined in relation to the regression of fish weight on fish length. In this latter analysis we limited our testing to fish with FL values in the range of 195-235 mm, which excluded large and small outliers. Separate analyses were performed to isolate the gonad weight differences between sexes and across the reproductive cycle. Specifically, four separate analyses were completed for males and females during the fish's peak spawning season (March-August) and non-spawning season (September-February). For all ANCOVA tests, least squares regression models were fit to linear models (Tables 1, 2 ). The homogeneity of slopes was examined first using the Type I sum of squares, then differences among intercepts were tested using the Type III sum of squares (Freund et al., 1986) . Significance was evaluated at a probability of 0.05.
Annual survival estimates (ŝ) were derived using the estimator from Robson and Chapman (1961) :
where x is the age class of fish (0 ¼ youngest age [in years] fully vulnerable to fishing), f x is the number of fish per age-class x, and k is the oldest age class observed. The data for this analysis were only from the period October 1997-May 1998, because age-0 fish are not fully vulnerable to the sampling gear during the summer months (Berkeley and Houde, 1978; McBride and Styer, 2002) . We used the following terms and definitions to refer to developmental stages of Glossobius hemiramphi:
Marsupiumite (resident of the marsupium): Any embryo, pre-manca or manca occurring in the marsupium of a female isopod. Embryo: Marsupial stage occurring before the shedding of the extraembryonic membrane layers; may have limb buds but lacks distinct appendages. Pre-manca (¼ pullus I of some authors): First marsupial stage following the shedding of extraembyonic membrane layers; has distinct appendages; lacks uropodal and pleotelsonic setae. Manca (¼ pullus II of some authors): Final marsupial and first freeswimming stage; infestive; has large eyes, six pairs of spinose pereiopods, and setose pleopods, uropods and pleotelsons. Male: Distinguished from mancas by the presence of penes and a seventh pair of pereiopods, smaller eyes relative to body size, reduced pigmentation, fewer pereiopod spines, and a lack of setation; located in the branchial cavity of host fish; see Williams and Williams (1985) for further description. Transitional: Has penes that are less distinct and relatively smaller than those found on males; otherwise similar to the females described by Williams and Williams (1985) and Bruce and Bowman (1989) . Female: Lacks penes (see Williams and Williams [1985] and Bruce and Bowman [1989] for further description). Ovigerous Female: Any female bearing marsupiumites.
RESULTS

Occurrence and Size
We examined 2928 specimens of Hemiramphus brasiliensis, of which 296 (10.1%) were infested with Glossobius hemiramphi. Prevalence cycled throughout the year and G. hemiramphi was most likely to infest small young-ofthe-year H. brasiliensis in the spring. Prevalence varied significantly among months (v 2 ¼ 48.5, d.f. ¼ 11, P ¼ 0.001) and was highest during June-August (Fig. 2) . Isopod prevalence was also significantly different across size classes of fish (v 2 ¼ 128.0, d.f. ¼ 12, P ¼ 0.001). Approximately 40% of the small fish (110-169 mm FL) were infested, but prevalence fell rapidly among larger fishes and was only 2.5% for very large fish (270-299 mm FL; Fig. 3 ). Prevalence was also significantly higher for male H. brasiliensis than for females (12.1 v. 8.6%; v 2 ¼ 9.6, d.f. ¼ 1, P ¼ 0.002). And finally, prevalence was significantly higher in Florida Bay (14.2%) and the lower keys (Marathon-Key West, 16.5%) than in the upper keys 
, is listed first and is followed by the reduced model, i.e., without the interaction term [d] . Significance was evaluated at a probability of 0.05 (*) and is also indicated as P , 0.001***. (Fig. 4) . Males ranged in length from 2.8 to 12.4 mm (mean ¼ 8.6 mm, n ¼ 132), and females ranged in length from 16.9 to 35.6 mm (mean ¼ 26.0 mm, n ¼ 138). Three male-female transitionals were found in the buccal cavities of host fish accompanied by a male on the gills. Transitionals generally had feminine traits but retained pairs of reduced penal lobes, structures that were absent on all other females examined. Two of the transitionals were small, 12.7 and 15.8 mm in length, but the third was 27.3 mm long. The largest transitional was accompanied by a male 2.82 mm long, which was the smallest male observed in this study. In this subsample, most fish (n ¼ 129) hosted single male-female isopod pairs, with males attached to the gill arches and females occupying the buccal cavity. Eleven fish harbored single females, eight of which were ovigerous. We did not observe more than one female isopod on a single host. Two fish hosted single males. Three fish harbored one or more mancas on their gill arches; in two of these cases a single female accompanied three mancas, but a male-female pair accompanied the other manca. These mancas averaged 2.85 mm in length (range ¼ 2.60-3.38 mm) and, after release from their natal marsupia, presumably had attached to the host without molting in the water column. Post-manca juveniles, individuals with seven pairs of pereiopods and setose pleopods, uropods and pleotelsons, were not observed in this study.
Development
Broods of Glossobius hemiramphi were held in the female's ventral marsupium, a cavity formed by overlapping platelike oöstegites (extensions of pereiopodal coxae 1-4 and 6). Marsupiumites were observed in five sequential, morphologically distinct ontogenetic stages (Fig. 5) . Development was synchronous and the presence of more than one developmental stage within a brood was uncommon. The dominant stage of different broods occurred as: 13% (n ¼ 11) for empty marsupia, 29% (n ¼ 25) for stage 1, 13% (n ¼ 11) for stage 2, 17% (n ¼ 15) for stage 3, 16% (n ¼ 14) for stage 4, and 13% (n ¼ 11) for stage 5. . Five distinct ontogenetic stages of marsupiumite development for the isopod Glossobius hemiramphi: 1, subspherical to ovoid embryo, in which structural differentiation of tissue was not evident; 2, elongate embryo, in which cephalic capsule differentiation was evident and early limb bud development was apparent in some mature specimens (some specimens also showed eye pigmentation at this stage); 3, segmented embryo, in which superficial somite formation was evident as were two rows of ventral limb buds and, in most specimens, eye pigmentation; 4, pre-manca, in which segmentation appeared complete and free, distinct, non-setose limbs were present; 5, setose manca, with six pairs of pereiopods. Bars ¼ 0.8 mm, large bar applies to 1-3; small bar applies to 4 and 5.
Mancas were darkly pigmented and had physical characteristics that facilitated swimming and attachment to suitable hosts (see above). Mancas removed from the broods of eight females varied from 2.42 to 4.16 mm in length (mean ¼ 3.08 mm; n ¼ 75). Manca length declined significantly with female length (y ¼À0.0419x þ 4.23; P ¼ 0.032), but the predictive power of the regression (R 2 ¼ 0.061) was low and this decline may not be biologically important.
Functional males were always attached to the second and third gill arches in one branchial chamber of the host. The male's position was ventral to the pleon of the isopod female with its anterior end oriented in the same direction as its host. The two smallest males collected (2.82, 3.73 mm long) had a seventh pereiopod that was about one-half the size of the sixth pereiopod, and their penes consisted of a small pair of protuberances. All larger males had fully developed elongated penal lobes and a seventh pereiopod that was equal in size to the sixth pereiopod.
The life cycle of Glossobius hemiramphi (Fig. 6 ) was completed in one year: we observed a spring pulse of male recruitment from the mancal pool, an apparent die-off of large females from the fall through the winter, and spring recruitment of new females from the male population (Fig.  4) . Also, host size was positively correlated to both male and female isopod size (Fig. 7) , suggesting that initial infestation occurred by mancas attaching to host fish smaller than 110 mm FL, and thereafter the isopod and its host grew together. Finally, only one Hemiramphus brasiliensis older than age-1 was infested by G. hemiramphi (Fig. 8) .
Reproductive Biology
Glossobius hemiramphi reproduced year round. Ovigerous female isopods were present in all months sampled except January 1998, when isopods were removed from only two Hemiramphus brasiliensis. Moreover, females with stage-1 embryos were observed in at least every other month of the year. More than half (55.1%) of all females collected had broods, and monthly percentages of ovigerous females exceeded 40% in all but two months of the study. The lengths of ovigerous females (17.6-35.0 mm long) overlapped completely with non-ovigerous females (17.9-35.6 mm long). Six midmolt females (21.0-32.3 mm long) with anterior, but no posterior, oöstegites were presumed to be entering an inter-reproductive (¼ vegetative; see Williams and Williams, 1982) phase.
Glossobius hemiramphi was highly fecund, particularly at larger sizes. Brood sizes for females-bearing marsupiumites in stages 1 to 4-ranged from 2 to 1243 (mean ¼ 356; n ¼ 64) individual marsupiumites, and the relationship between number of marsupiumites per brood and female mass was best explained as a power function (Fig. 9) . Evidence of mortality within the marsupia was not observed. Specifically, an ANCOVA showed no difference in the Fig. 6 . Life cycle of Glossobius hemiramphi inferred from our observations. Solid arrows indicate changes in ontogenetic stage and developmental processes for which we observed direct evidence. Dashed arrows and boxes indicate developmental processes and ontogentetic stages, respectively, that likely occur but for which we did not observe direct evidence.
number of marsupiumites-adjusted for female sizeamong developmental stages (Table 1) .
Role as Symbiont
The presence of isopods did not have a significant effect on Hemiramphus brasiliensis length-weight relationships. Four separate ANCOVA analyses were completed-by sex and spawning season (Table 2 )-to partition the variance evident by sex specific body size (H. brasiliensis females are larger than males) and seasonally specific gonad size (increases in ovarian weight are larger than the increase in testes weight in response to spawning). Regardless, in all four analyses, the presence of the isopod had no significant effect on fish condition.
DISCUSSION Occurrence and Size
Glossobius hemiramphi is highly host-specific as are other members of the genus (Bruce and Bowman, 1989) . Except for one specimen of Hemiramphus bermudensis (Collette, 1962) collected from Bermuda (Bruce and Bowman, 1989) , G. hemiramphi has been reported to infest only H. brasiliensis. The significant correlation between the size of G. hemiramphi and H. brasiliensis is also consistent with strong host-fidelity after infestation by the manca or juvenile stage, which has been found for other species of external, branchial, buccal, and burrowing cymothoids (Menzies et al., 1955; Trilles, 1964; Weinstein and Heck, 1977; Maxwell, 1982; Adlard and Lester, 1995; Landau et al., 1995; Marks et al., 1996; Colorni et al., 1997; Tsai et al., 1999) . Trilles (1964) suggested that this correlation is found in cymothoid species that lose their ability to swim at an early age, but not in ones that retain this ability well into the functional male stage.
The seasonal cycle of isopod prevalence is probably best explained by the annual life cycle of the fish host. Spawning of Hemiramphus brasiliensis peaks in South Florida in April-June (McBride and Thurman, 2003) and young-ofthe-year fish are first evident in commercial catches in June at approximately 120-170 mm FL (McBride et al., 1996; McBride and Styer, 2002) . Hemiramphus brasiliensis less than 110 mm FL were not caught in this study, so it is impossible to report the size at which the fish are first infested, but it is apparent that Glossobius hemiramphi Hemiramphus brasiliensis, collected by age class. Annual survival of isopods, 7.5% (95% confidence limits: 1.6-13.4%), was estimated from the data on infested fish, using the methods of Robson and Chapman (1961) .
infests age-0 fish in spring and early summer before they recruit to the fishery.
Decreasing isopod prevalence with increasing host size was also observed by Berkeley and Houde (1978) , who found that prevalence declined from a high of nearly 30% for Hemiramphus brasiliensis of 160 mm FL or less to a low of 5% for fish longer than 250 mm FL. Other workers found the same relationship for other cymothoids and their hosts (Pearson, 1929; Krykhtin, 1951; Trilles, 1969; Lanzing and O'Conner, 1975; Nieto and Alberto, 1994; Adlard and Lester, 1995; Marks et al., 1996; Wright et al., 2001) . At small host sizes, the prevalence of isopods is high presumably because these small fish are more vulnerable to infestation. Adlard and Lester (1995) demonstrated that mancas of the cymothoid Anilocra pomacentri were more likely to attach to smaller than larger Chromis nitida in laboratory studies. Our age data for H. brasiliensis strongly suggest that the lower prevalence of isopods at larger host sizes is a result of the short life span of Glossobius hemiramphi, but this may be confounded if infested fish have a higher mortality rate than non-infested fish. Higher isopod prevalence in male H. brasiliensis is likely due to a size difference in the sexes of the fish, because male fish grow to a smaller size than females (McBride and Styer, 2002) and may be more vulnerable to infestation by mancas. Other authors have noted that host sex is related to prevalence in certain cymothoid species (Trilles, 1969; Bello et al., 1997; Adlard and Lester, 1994; Neito and Alberto, 1994) . Bello et al. (1997) and Nieto and Alberto (1994) also reported higher prevalence of cymothoid isopods on male hosts. Bello et al. (1997) offered three possible explanations for this finding in their study of Mothocya epimerica Costa, 1851 infesting sand smelt, Atherina boyeri Risso, 1810.
Male sand smelt were markedly smaller than, less common than, (male/female ratio ¼ 0.61) and segregated from females. Trilles (1969) reported that Emetha adouinii (Milne Edwards, 1840) only infested female hosts, a finding explained by the fact that these hosts were protogynous hermaphrodites in the family Centracanthidae and male hosts were outside the size range susceptible to infestation by the isopod.
Development
The embryonic developmental pattern of cymothoid species apparently deviates little from that described by Nair (1956) . Descriptions of development deviate primarily in the number of discrete ontogenetic stages recognized in what is truly a continuous process (see Brusca, 1981; Sartor, 1987) . The practical, discrete, embryonic developmental stages of Glossobius hemiramphi (Fig. 5) are most similar to those described by Holdich (1968) for Dynamene bidentata (Adams, 1800), a free-living sphaeromatid isopod. Brusca (1978) also described five marsupial stages of the cymothoid Elthusa (¼ Lironeca) vulgaris (Stimpson, 1857), although he did not recognize limb bud formation in the second stage. According to Mauchline (1973) , ratios in which mysid marsupiumites (¼ larvae) occur in brood pouches should reflect the length of time the marsupiumites take to pass through each stage. If the same relationship occurs in broods of G. hemiramphi, stage 1 was of the longest duration and stage 5 the shortest. Adlard and Lester (1995) found this same stage/time relationship for Anilocra pomacentri.
Brusca's (1981) description of cymothoid life cycles indicates that these isopods typically go through at least one post-manca juvenile stage prior to settling permanently on Fig. 9 . Fecundity of the isopod Glossobius hemiramphi in relation to female mass (g). Here brood stages 1-4 are pooled together because an ANCOVA showed no effect of stage on number of marsupiumites. Marsupia with mancas are not included in case some of these escaped. 290 their definitive host, so our observation of Glossobius hemiramphi mancas attached to the gills of Hemiramphus brasiliensis suggests a life history that is unusual for the family (Fig. 6 ). Other authors have observed living cymothoid mancas that readily infested their definitive hosts upon release from the marsupium (Legrand, 1952; Huizinga, 1972; Adlard and Lester, 1995; and see BunkleyWilliams and Williams, 1998) . In the absence of histological data, it is our opinion that the presence of penes on the smallest non-setose individual collected in the present study warrants the designation of masculinity, though its length (2.8 mm) is well within the observed length range of setose mancas (2.60-3.38 mm) collected from the marsupia of females. We observed no juvenile specimens but Williams and Williams (1985) and Bruce and Bowman (1989) each report the collection of a juvenile G. hemiramphi (5.5 and 4.9 mm in length, respectively). However, it is not clear how these juveniles were distinguished from males. Furthermore, Bruce and Bowman (1989) also use the term ''postmanca'' to describe four specimens of G. hemiramphi ranging in length from 2.8 to 4.33 mm, but they do not provide information on how these specimens differed in form from mancas (2.8-3.3 mm in length) examined in the same study. The absence of juveniles and postmancas in the present study is probably best explained by differing terminology and criteria for distinguishing ontogenetic stages rather than a substantial difference in observations. There is currently no apparent consensus on the use of terms describing early developmental stages of cymothoids, i.e., the terms pullus secundus, manca, larva, juvenile, young, and postmanca have been used interchangeably or without definition in many instances. Williams and Bunkley-Williams (2000) remark on some of the different terms used for free-swimming life history stages of cymothoids and advocate the use of the term ''juvenile'' for all of these stages (excepting the male). We do not follow their recommendation because we regard morphological distinction among the mancas, juveniles, and males of cymothoids as important for inferring life histories from field collections. We feel that clarification of terminology is also directly pertinent to the valid points made by Horton and Okamura (2003) who stress the fundamental differences of life cycle stages among cymothoid genera. Because the usefulness of certain morphological characteristics may differ among cymothoid species, we suggest that confusion can be avoided if authors define their criteria for distinguishing life history stages on a case-by-case basis.
Mancas of Glossobius hemiramphi may be able to attach temporarily to other species of fish before settling on Hemiramphus brasiliensis (Fig. 6 ). This behavior is not uncommon for males and juveniles of cymothoids (Brusca, 1981; Bunkley-Williams and Williams, 1998) . Female G. hemiramphi produce mancas in all seasons and they do not synchronize their reproduction with that of H. brasiliensis, which spawns principally from March through August (McBride and Thurman, 2003) . If H. brasiliensis is the only host for mancas, then survival of the isopod mancas during their host's non-reproductive season must be minimal due to the scarcity of apparently preferred smaller hosts. Adlard and Lester (1995) suggested an alternative scenario for Anilocra pomacentri, a cymothoid ectoparasite of Chromis nitida: A. pomacentri release mancas throughout the year, but small, juvenile C. nitida suitable for infestation are available for only a four-month period and some mancas become micropredators or parasites on young fish of other species that reproduce when C. nitida does not.
Non-overlapping lengths of male and female Glossobius hemiramphi indicate that the stimulus initiating sex change happens early in the infestation and that the early female growth rate is rapid. Similar sex-specific discrete length ranges have been shown for male and female Cymothoa excisa Perty, 1833 and C. exigua Schioedte and Meinert, 1884 (Weinstein and Heck, 1977; Ruiz and Madrid, 1992) , but male and female length overlap occurs in other buccal cymothoids (Menzies et al., 1955; Brusca, 1978) . For Elthusa vulgaris, Brusca (1978) found that large males occur occasionally and stated, ''Size alone cannot account for the timing of sex change.'' He hypothesized that the great variation in size of E. vulgaris males and females suggests that solitary males on fish continue to grow until the arrival of a second male stimulates the first to change sexes, regardless of its size. This may also be true for G. hemiramphi. Otherwise, it is difficult to explain the presence of the largest sexually transitional individual (27.3 mm long; 14.9 mm longer than the largest male collected) observed in our study. It is possible that this isopod resided alone in the branchial or buccal cavity of its host, remained masculine and continued to grow and molt until a manca arrived and stimulated it to change its sex. The very small size of the male accompanying this transitional is consistent with this hypothesis, but this scenario was rare for G. hemiramphi.
Our analyses of seasonal changes in isopod lengthfrequencies and the annual mortality rates of infested fishes provide two independent lines of evidence that Glossobius hemiramphi has an annual life cycle. Brusca (1981) states that most cymothoids probably live only one or occasionally two years. Our results, along with the direct field observations of Adlard and Lester (1995) , are in agreement with Brusca's assertion. However, Maxwell (1982) estimates that Ceratothoa imbricata (Fabricius, 1775) may live up to nine years.
Reproductive Biology Brusca (1978) and Ruiz and Madrid (1992) found malefemale pairs of Elthusa vulgaris and Cymothoa exigua, respectively, in the buccal cavities of their hosts and hypothesized that the pairing suggested a copulatory position. In contrast, we observed no male G. hemiramphi in such an association with a female. To our knowledge, Legrand (1952) is the only author to observe cymothoids en copula. The presence of eight ovigerous females lacking mates in our samples indicates that males occasionally may be swept from the buccal cavity, eaten by the host during the migration associated with copulation, or detached during collection.
Reproduction by Glossobius hemiramphi is protracted throughout the year. The steady occurrence of ovigerous females with same-staged marsupiumites did not suggest a peak spawning season, and the summer pulse of infestation of hosts may reflect more of a peak period of host vulnerability rather than a seasonal abundance of mancas. The young-of-the year host fish are of a certain size during the summer when they appear to be particularly vulnerable to infestation. They may also be in a particularly vulnerable habitat at that time of year, because the juvenile fish are sequestered from the adults (McBride, personal observation).
Fecundity of Glossobius hemiramphi falls within expected values according to Brusca (1981) , who reported a range of 200-1600 embryos (¼ eggs) per marsupium, with most cymothoids producing 300-600. We did observe three ovigerous females with less than ten stage-1 or stage-2 embryos, which seemed notably low and we assume that these females may have jettisoned the majority of their marsupiumites before or during collection, a behavior noted by Williams and Bunkley-Williams (2000) for other cymothoids. Brusca (1981) noted a positive relationship between the number of embryos carried in the marsupium and female body length, and this was apparent for G. hemiramphi as well. However, our observation of a large (32.6 mm long) female bearing only 69 stage 1 embryos and paired with a very small (3.7 mm long) male, seems to suggest that male size could also affect female fecundity, possibly by sperm limitation. Here we are referring to a lobster analog, where small males fertilized fewer eggs than larger males (MacDiarmid and Butler, 1999) . In contrast, Tsai et al. (1999) found a negative correlation between male size and brood size for Ichthyoxenus fushanensis Tsai and Dai, 1999, a flesh-burrowing cymothoid infesting the freshwater fish, Varicorhinus barbatulus (Pellegrin, 1908) from Taiwan. They suggest that larger males reduce brood size by occupying a greater portion of the space available and thus limiting the size of their mates.
Our observation of six females that ranged widely in size (21.0-32.3 mm), in the process of molting from a spent ovigerous to non-ovigerous state suggests that mature females alternate between reproductive and inter-reproductive stages separated by molting events. Williams and Williams (1982) and Bunkley-Williams (1984) suggest that some of the non-ovigerous females of other cymothoid species may be in a vegetative stage, which serves as a growth, feeding and recovery period between reproductive cycles. Brusca (1981) predicted that non-feeding cymothoid adult females would produce a single brood whereas feeders would produce two to three broods per lifetime. The only direct evidence for cymothoid females' ability to produce multiple broods comes from the laboratory work of Adlard and Lester (1995) . They showed that female Anilocra pomacentri on Chromis nitida feed on host blood and produce three broods, on average, during their 12-to 14-month lives.
Role as Symbiont
In fisheries and aquaculture, the condition of harvested fish that host cymothoids is directly related to profit, and reports of cymothoid-induced detrimental effects to cultured fishes are increasingly well documented (Horton and Okamura, 2001; Papapanagiotou and Trilles, 2001; Mladineo, 2002) . Branchial and buccal cymothoid infestations may result in mortality or reduce host growth by interfering with host feeding, diverting energy through blood meals, causing tissue damage, and promoting secondary infections. Berkeley and Houde (1978) found no difference in the mean fullness index of stomachs of Glossobius hemiramphiinfested Hemiramphus brasiliensis as compared to noninfested fish, suggesting that the parasite does not interfere with normal feeding. Our results indicate that bioenergetic demands of G. hemiramphi were not sufficient to significantly reduce the adult host's condition, but a negative effect of the parasite on the condition of age-0 fish cannot be rejected. In wild fish, some workers have observed no effect of cymothoid parasites on host condition (Weinstein and Heck, 1977; Maxwell, 1982; Ruiz and Madrid, 1992; Colorni et al., 1997) ; however, Marks et al. (1996) noted significant negative effects of Livoneca redmanii Leach, 1818 (¼ L. ovalis) on condition of Pomatomus saltatrix (Linnaeus, 1766) from the Hudson River estuary. Williams and Bunkley-Williams (2000) outlined the problems associated with assuming that cymothoids are not harmful to their hosts based on condition factors. They suggest that condition factors may not be sensitive enough to detect negative effects on some hosts except in cases of very intense infestation. The effects of initial infestation of a single host by multiple cymothoid mancas have been particularly dramatic in aquaculture systems (Papapanogiotou et al., 1999; Papapanogiotou and Trilles, 2001 ) but wild host susceptibility to this phenomenon is less certain.
In addition to noting that smaller hosts were more susceptible to infestation, Adlard and Lester (1994) observed that smaller hosts and hosts infested by multiple cymothoid mancas experienced higher mortality rates than larger hosts and those infested by fewer mancas. However, because more than two specimens of Glossobius hemiramphi were rarely observed in a single fish, infestation intensity could not be addressed as a factor in this symbiotic relationship. Our results also did not clearly identify the size classes of H. brasiliensis that are initially infested by the isopod. Because multiple gill infestations-and potentially more acute, negative effects on the host fish-appear more likely when hosts are smaller than 110 mm FL, future research of this host-parasite relationship should focus on these juvenile fish stages.
